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摘要 目的：通过数据挖掘分析 ATP1A1在肾透明细胞癌中的表达及意义。方法：通过 Oncomine数据库检索关于 ATP1A1的
mRNA信息，采用 The Human Protein Atlas分析 ATP1A1蛋白在正常肾组织和肾透明细胞癌中表达情况，GEPIA网站中 TCGA
数据对 ATP1A1低表达的肾透明细胞癌患者进行生存分析，MethHC数据库分析 ATP1A1甲基化水平和蛋白相互作用，利用
String-DB数据分析 ATP1A1与上下游蛋白的相互作用。结果：肾透明细胞癌 (Clear cell Renal Cell Carcinoma，ccRCC) 组织中






Expression of ATP1A1 Gene in Clear Cell Renal Cell Carcinoma
and Its Significance basing on Data Mining*
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ABSTRACT Objective: To analyze the ATP1A1 expression and its significance in the renal clear cell carcinoma by data mining.
Methods: The expression of ATP1A1 protein in normal renal tissue and renal clear cell carcinoma was analyzed by The Human Protein
Atlas. Survival analysis of patients with low expression of ATP1A1 in renal clear cell carcinoma using TCGA data from GEPIA website.
The ATP1A1 methylation level and protein interaction was analyzed by using the MethHC database, the interaction between ATP1A1
and upstream and downstream proteins was analyzed by String-DB data. Results: The mRNA expression of ATP1A1 in clear cell renal
cell carcinoma (ccRCC) was significantly lower than that in the normal control group. The results of immunohistochemistry confirmed
that ATP1A1 protein expression was similar to mRNA. The overall survival of patients with low expression of ATP1A1 was significantly
lower than the patients with high expression in TCGA data. In addition, it was found that the methylation level of the ATP1A1 gene
promoter region in renal clear cell carcinoma was significantly higher than that in normal renal tissue. At the same time, it shows that
ATP1A1 interacts with ATP1B1, FXYD2, ATP1B2 and other genes. Conclusions: Based on a large data analysis, ATP1A1 is
lowly-expressed in the renal clear cell carcinoma and is related to its development. It may be a potential target for the therapy of ccRCC.
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起作用，Na+/K+-ATPaseα1 亚基 (ATP1A1) 是一个具有 Mg2+、
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达下调。在本研究中，我们采用 Oncomine及 TCGA(The Can-








件如下：① selected 6 datasets (162 samples)；② Analysis Type:
Cancer vs. Normal Analysis；③ Cancer Type: Clear Cell Renal
Cell Carcinoma；④ Cancer Type: Non-Hereditary Clear Cell Re-
nal Cell Carcinoma；⑤ Concept Type: Top 5% under-expressed
(Oncomine Concepts)；⑥ Data Type: mRNA。





输入 ATP1A1，然后选择 Renal cancer。
1.3 GEPIA(Gene Expression Profiling Interactive Analysis)生存
期分析
基因表达谱数据动态分析 (GEPIA, http://gepia.cancer-pku.
cn/) 使用标准处理流程分析来自 TCGA和 GTEx项目的 9736
个肿瘤和 8587个正常样品的 RNA测序表达数据。在本文中选
择使用 TCGA数据库做患者生存分析。在本研究中，在 GEPIA
网站中选择 single gene analysis，填入 ATP1A1，点击 survival
analysis。检索条件为：① methods: overall survival; ② Group
cutoff:median;③ Color Reverse: No;④ Hazards Ratio(HR): Yes;






search by：gene；② cancers：kirc；③ Select a gene region: Pro-











是 Beroukhim Renal、Gumz Renal、Higgins Renal、Jones Renal、




2.2 Oncomine 数据库中 ATP1A1 在所有肿瘤类型中的表达
结果
采用 Oncomine检索 ATP1A1可见 Oncomine数据库共收









低表达。在 Gumz Renal中有 20个样本，ATP1A1在 mRNA水
图 1 Oncomine数据库中 ATP1A1在肾透明细胞癌中的表达
Fig. 1 The expression of ATP1A1 in renal clear cell carcinoma
in the Oncomine database
3067· ·
现代生物医学进展 www.shengwuyixue.com Progress inModern Biomedicine Vol.18 NO.16 AUG.2018
平上在肾透明细胞癌中较正常组织低，p=4.78E-10, fold
change=-3.293。在 Beroukhim Renal中有 70样本，选择非遗传
性肾透明细胞癌 27例，ATP1A1在正常肾脏与肾透明细胞癌
具有差异，p=6.03E-11, fold change=-4.138。Lenburg Renal含有
18个样本，p=8.77E-5, fold change=-3.518。在 Jones Renal中，有
92个样本，p=1.24E-9, fold change=-3.382。在 Higgins Renal中
有 44个样本，p=1.09E-4, fold change=-7.660。在 Yusenko Renal
中有 67个样本，p=0.003, fold change=-2.767。
2.4 ATP1A1在肾透明细胞癌中的蛋白表达降低
在 The Human Protein Atlas中，使用抗体 CAB018702和
CAB069993从蛋白质表达水平上分析 ATP1A1在正常与透明
细胞癌中表达情况。在正常肾小球中分布极少，未检测出，而在
肾小管中表达 "高 "。在 42例肾透明细胞癌中，4例蛋白表达 "


















按照前述条件输入，得到下图，PPI富集 P值 (PPI enrich-
ment p-value)=3.55e-15，相互作用节点数为 11个。其中在 PPI































价结合亚基 α1和 β1组成。其中，ATP1A1 β1亚基参与质膜上
α1亚基的翻译、稳定和转运[16]。目前已经在多种癌症中报道了








图 2 Oncomine数据库中 ATP1A1在所有肿瘤研究中的表达
Fig. 2 The expression of ATP1A1 in all oncological studies
in the Oncomine database
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图 3 Oncomine数据库中 ATP1A1在不同肾透明细胞癌研究中的表达
Fig. 3 The expression of ATP1A1 in the study of different renal clear cell carcinomas in the Oncomine database
Note: Oncomine数据库中 ATP1A1在不同肾透明细胞癌研究中的表达。
a. Clear Cell Renal Cell Carcinoma vs. Normal Lenburg Renal, BMC Cancer, 2003 (1.Kidney 2. Clear Cell Renal Cell Carcinoma)b. Clear Cell Renal Cell
Carcinoma vs. Normal Gumz Renal, Clin Cancer Res, 2007(1.Kidney 2. Clear Cell Renal Cell Carcinoma) c. Clear Cell Renal Cell Carcinoma vs. Normal
Jones Renal, Clin Cancer Res, 2005 (1.Kidney 2. Clear Cell Renal Cell Carcinoma)d. Clear Cell Renal Cell Carcinoma vs. Normal Higgins Renal, Am J
Pathol, 2003 (1.Kidney 2. Clear Cell Renal Cell Carcinoma)e.Non-Hereditary Clear Cell Renal Cell Carcinoma vs. Normal Beroukhim Renal, Cancer
Res, 2009 (1.Renal Cortex2.Renal Tissue3.Non-Hereditary Clear Cell Renal Cell Carcinoma)f. Clear Cell Renal Cell Carcinoma vs. Normal Yusenko
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图 5 TCGA数据库中 ATP1A1高表达组与低表达组患者的总体生存
曲线
Fig. 5 The overall survival curve of ATP1A1 overexpression group and
low expression group in TCGA database
图 6 MethHC数据库中 ATP1A1在肾透明细胞癌和正常肾组织中的甲
基化水平。红色表示肾透明细胞癌，绿色表示正常肾组织，
**表示 p＜0.005
Fig. 6 The methylation level of ATP1A1 in renal clear cell carcinoma and
normal renal tissue in MethHC database, Red represents renal clear cell
carcinoma, green represents normal kidney tissue, ** means p＜0.005
图 4 The Human Protein Atlas分析 ATP1A1在肾正常组织与肾透明细胞癌中的蛋白表达水平
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图 7利用 String网站进行 ATP1A1基因与其上下游关系的预测
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